The study was designed to evaluate and compare stress distribution in transcortical section of bone with normal abutment and platform switched abutment under vertical and oblique forces in posterior mandible region. Materials and Methods: A three-dimensional finite element model was designed using ANSYS 13.0 software. The type of bone selection for the model was made of type II mandibular bone, having cortical bone thickness ranging from 0.595 mm to 1.515 mm with the crestal region measuring 1.5 mm surrounding dense trabecular bone. The implant will be modulated at 5 mm restorative platform and tapering down to 4.5 mm wide at the threads, 13 mm long with an abutment 3 mm in height. The models will be designed for two situations: (1) An implant with a 5 mm diameter abutment representing a standard platform in the posterior mandible region. (2) An implant with a 4.5 mm diameter abutment representing platform switching in the posterior mandible region. Force application was performed in both oblique and vertical conditions using 100 N as a representative masticatory force. For oblique loading, a force of 100 N was applied at 15° from the vertical axis. von Mises stress analysis was evaluated. Results: The results of the study showed cortical stress in the conventional and platform switching model under oblique forces were 59.329 MPa and 39.952 MPa, respectively. Cortical stress in the conventional and platform switching model under vertical forces was 13.914 MPa and 12.793 MPa, respectively. Conclusion: Results from this study showed the platform switched abutment led to relative decrease in von Mises stress in transcortical section of bone compared to normal abutment under vertical and oblique forces in posterior mandible region.
pathological condition it is essential for an implant design to have features that distribute stress effectively and evenly throughout peri-implant bone. [3] Platform switched abutment design on an implant fixture shows benefits in controlling the early implant bone loss factors. In this study, the term platform switching refers to a reduced diameter abutment in relation to the fixture platform diameter. [4] Several studies have described methods (photoelastic analysis, strain gauge placement, and finite element analysis [FEA]) for evaluating the biomechanical advantages of the platform switching. Strain gauge placement has the disadvantage of point measurement only the photoelastic analysis must have visual access and limited temperature. Hence, in a computed tomography-based three-dimensional (3D) FEA demonstrated that the platform-switched designs can be considered a valid treatment option, equivalent to the conventional matching diameter abutment-implant configurations. [5] FEA is the suitable tool available for analyzing them. By FEA researchers predict stress distribution in the contact area between cortical bone and implant as well as around the apex of implants in the trabecular bone.
In a recently published review and meta-analysis showed that platform switching may preserve the inter-implant bone height and soft tissue levels. The degree of marginal bone resorption was inversely related to the extent of implant-abutment mismatch. [6] Platform-switched implants are also known to preserve marginal bone from stress concentration, mostly localized in the proximal layer between implant and abutment. As FEA has been extensively and successfully employed in an attempt to predict the biomechanical performance of various dental implant designs. [7] Several hypotheses were posed to explain the rationale behind the concept of platform switching for crestal bone preservation. The biomechanical rationale proposed that by platform switching the stress concentration zone is directed from the crestal bone implant interface to the axis of the implant and so reduces the stress level in the cervical bone area. Jemt T et al. [8] proposed that, by placing the implant-abutment connection below the crestal bone level, may cause bone resorption to re-establish the biologic width. Following this theory, platform switching medializes the microgap and the dimension of the biologic width. Another hypothesis concerned the role of inflammatory cell infiltrate at the implant-abutment connection. [9] Since, there is a lacunae of knowledge and very few research done with the 3D FEM analysis and also due to the absence of long-term data, the study was planned with aim to analyze the interaction phenomena of platform switching on the transcortical section of bone adjacent to an endosseous dental implant under vertical and oblique forces in posterior mandible region.
MATERIALS AND METHODS
Implants with abutment were modeled using a computer with specifications. A finite element program, ANSYS version 13 (South of Pittsburgh, USA) was used for the study. ANSYS software offers an unparalleled breadth of solutions across a broad range of disciplines that can accurately address the fluid, structural, electromagnetic and thermal modeling of any product or process. These solutions are built within the ANSYS Workbench user environment -a single framework enabling us to undertake FEA simulations quickly and efficiently at both concept and validation stages of design. The implant was assumed to be placed in the region of molar of the mandible. The models were provided in close approximation to the in vivo geometry. The steps involved in this study are as follows:
• Finite element modeling Construction of geometric model, mesh generation, specifying material properties, applying boundary conditions, and application of loads. • Finite element analysis.
Finite element modeling

Construction of geometric model Bone design
Initially, computerized tomography (CT scan) of a normal human mandible with no history of an implant placement or no history of any associated pathologies of the mandible was obtained using a CT scanner. The CT scans were taken extending up to the soft tissue plane over the inferior border of the mandible. The mandible was modeled as a sagittal cut of the mandible, including the residual alveolar process and the lingual bone from the CT scan to generate the model of the bone. The section of bone was traced on the graph paper x and y coordinates of the contouring points were extracted and joined to form partial volumes of both cortical and trabecular bone that together defined the final geometry. Then the section was extended mesially and distally in the z plane. Through this process, the CT scan data were converted into a 3D solid model of the posterior mandible region for analysis purpose using Ansys mixed approach.
Implant design
A 3D finite element model of endosseous implant simulating BIOMET 3i Implant System was generated using Catia Version 19 (Palm Beach Gardens, Florida). Biomet 3i Products are manufactured from biocompatible titanium, titanium alloy, gold, gold alloy, zirconium, vanadium, stainless steel, cobalt chromium alloy. The dimension of the implant designed was 5 mm in diameter and 13 mm in length. Around the prepared tapered implant, the bone was constructed with definitive differentiation of outer cortical and inner trabecular to form model 1. Thus, constructed a model of implant and bone was duplicated to one more model. The abutment of different diameters, the straight abutment, with 5 mm and 4.5 mm was constructed on these two models, thus, in total two models consisting of an implant, the bone around it and one type of abutment fixed to the implant were designed [ Figures 1-4 ].
The bone-implant interface for both the models was bonded, simulating complete osseointegration and the dental implant, abutment was assumed to be connected as a single unit.
Mesh generation
When the geometry of model was complete, a specialized mesh generation procedure was used to discretize the model. The 3D finite element model corresponding to the geometric model was meshed using Hypermesh Software (ANSYS version 13 software). The type of meshing is free meshing because the model is not geometrically symmetric. The element size (SOLID 92) was selected according to default settings. The type of element suitable for this particular study was noded tetrahedron element which was assigned four degrees of freedom per node, namely, translation in the x, y, and z directions. The elements were constructed so that their size aspect ratio would yield reasonable solution accuracy. The coordinates were finally imported into the ANSYS 13 software as key points of the definitive image [Figures 5 and 6] .
Specifying material properties
For the execution and accurate analysis of the program and interpretation of the results, two material properties were utilized, i.e., Young's modulus and Poisson's ratio. All the materials used in this study were considered isotropic, homogenous, and linearly elastic. The physical properties of different components used in this study were illustrated in Table 1 . 
Applying boundary conditions
Zero displacement constraints must be placed on boundaries of the model to ensure an equilibrium solution. In this study, a zero displacement constraint was placed on all nodes lying along the external lines of the cortical bone.
The final models [ Table 2 ] had a total number of nodes 52,176 and elements 52,876 for the model with the 5 mm abutment and nodes 52,370 and elements 53,017 for the model with 4.5 mm abutment.
Application of loads
The magnitude of the force of 100 N was also within the range of mean values reported in the literature. [23] After applying the static loads on each model, the stress generated in the bone and the implant was recorded.
Finite element analysis
These different models were analyzed by Processor, i.e., solver, and the results were displayed by postprocessor of the Finite Element Software (ANSYS version 13) in the form of color-coded maps using von Mises Stress Analysis. von Mises stress values are defined as the beginning of deformation for ductile materials. Metallic implant failure occurs when von Mises stress values exceed the yield strength of an implant material. von Mises stresses are most commonly reported in FEA studies to summarize the overall stress state at a point. The von Mises stresses were generated in cortical, trabecular, and implant regions after application of loads. Therefore, they are important for interpreting the stresses occurring within the implant.
RESULTS
Stress distribution pattern generated in the finite element models comes in numerical values and color coding. Maximum values of von Mises stress is denoted by red color and minimum value by blue color. In between the values are represented by bluish green, green, greenish yellow and yellowish red in the ascending order of stress distribution. The two models of different abutment diameters were studied under a load of 100 N. The color plots obtained were studied, and the maximum von Mises stresses were noted and tabulated for each condition. The comparison values of von Mises stress on the bone and implant were summarized in Figures 11 and 12 when a load of 100 N was applied to the 4.5 mm abutment and 5 mm abutments. This study states that the von Mises stress changed considerably with abutment diameters. The stress was minimal in 4.5 mm abutment model and increased progressively in 5 mm abutment models. Furthermore, the stress was minimal in cortical bone than in cancellous bone, and the stress was highest in the implant-abutment.
DISCUSSION
The concept of "platform switching" refers to the use of a smaller-diameter abutment on a larger-diameter Baumgarten et al. [11] stated that sufficient tissue depth (approximately 3 mm or more) is required to have an adequate biologic width. They concluded that platform switching helps in preventing the bone loss and also preserve crestal bone. The inflammatory cell infiltrate, which surrounds the IAJ in a collar like fashion, is contained within the angle formed at the interface and thus prevented from spreading further apically along the implant. [12] Krishna Prasad et al. [12] compared crestal bone loss around platform-switched and nonplatform-switched implants. They found the mean crestal bone loss was 2.02 mm in nonplatform-switched implants and 0.22 mm in platform-switched implants. They also concluded that reduction of the abutment diameter of 0.45 mm on each side is sufficient to avoid peri-implant bone loss. [11] Stress concentration around the implant can lead to a bone loss because of bone microdamage and crater-like bone defects creation around the implant. The correct reasons for bone preservation with the platform switching technique include inward shifting of the location of the IAJ or the stress concentration area between the abutment and implant. [13] Many claims have been made as to the benefit of platform switching. Hence, it is the purpose of this computer model to analyze the effect of platform switching upon an adjacent bone level as well as stress that is transferred from the implant fixture to the transcortical aspect. Analysis of these stresses was performed using FEA technology. The results demonstrate the translation of simulated masticatory forces through the abutment to the implant and onto the surrounding bony structures in a 3D cross-section of the mandible.
The numerical methods solutions must always be carefully evaluated in the light of experimental testing, it seems reasonable to apply this approach for the possibility of evaluating data that are experimentally not measurable, such as stress or strain in the bone tissue, thus completing and extending information obtained from in vivo and in vitro tests. The development of numerical models makes it possible to evaluate the mechanical behavior of the bone-implant compound by estimating fundamental variables, such as stress and strain in the bone tissue, and also to investigate a large number of operational conditions. [14] The border between the mechanical environment causing implant failure and under which bone adapts through bone resorption is not yet clearly drawn. [15] However, the models are definitely useful for a preliminary interpretation of implant-abutment interaction. [16] Platform switching has some benefits such as improved bone support for short implants and optimal management of the prosthetic space. The amount of restorative volume available for an optimally contoured, physiological implant restoration is a critical factor. Support is retained for the interdental papillae with the crestal bone preservation both horizontally and vertically. Maintenance of midfacial bone height helps to maintain facial gingival tissues. [17] There appears to be one major consequence of the horizontal inward repositioning of the implant-abutment interface. As it has been reported, the IAJ is always encircled by an inflammatory cell infiltrate (0.75 mm above and below the IAJ). [12] One millimeter of healthy connective tissue is needed to establish a biologic seal comparable to natural teeth to protect the underlying bone from this inflammatory infiltrate and microbiologic invasion. [12] Thus, a close proximity of the IAJ to the bone, which is always established when implants are placed epicrestally, is eliminated by bone resorption and establishment of the mentioned biologic seal. As described by Ericsson et al., [18] by repositioning the IAJ inward and away from the outer edge of the implant and adjacent bone (platform switching), the overall effect of the inflammatory cell infiltrate on the surrounding tissue, may be reduced, thus decreasing the resorptive effect of the inflammatory cell infiltrate on crestal bone. This can be explained by the enhanced distance, which is generated between bone and the inflammatory cell infiltrate by shifting the platform inwardly. Furthermore, by the inward positioning of the abutment, an approximately 90° step will be created compared with a 180° step when using the traditional abutment design. The resulting confined area may have the consequence of restricting the inflammatory infiltrate to this restrained region and limiting the consequence to the adjacent tissues as it is mostly surrounded by nonbiologic material. This may result in a reduced inflammatory effect within the surrounding soft tissue and crestal bone. [19] The use of 3D modeling in this study for analysis with isotropic characteristics will increase the clinical relevance, when compared to the two-dimensional modeling and analysis as it is assumed to be infinitely thick, disregarding the cylindrical shape of the implant, and its contact with the bone around it. Therefore, the axial forces that would have been absorbed by the bone surrounding the implant will not be considered, and the maximum strains would be higher than a 3D model.
The FE model was used to calculate the von Mises stress. However, the bone sometimes can be classified as brittle material, so the principal stress is also implemented to evaluate the situation of compact bone surrounding the implants. In addition, stress distributions in the FE models were illustrated to compare the biomechanical effect between the conventional model and platform switching model.
Role of platform switching in minimizing crestal bone loss remains debatable. Bone loss around implants seems to be governed by several factors, such as the cervical features of the implant design, 3D-implant positioning, prosthetic concept and the implant-abutment connection, width of alveolar ridge, and prevention of micromotion at the implant-abutment interface and not merely placing implants according to the platform switching concept. [20, 21] Data from this study showed in oblique loading, 100 N resulted in 59.329 MPa von Mises stresses whereas a 10% reduction of abutment diameter led to a 2.3% decrease in von Mises shear stress. For vertical loading, the effect was less than that noted in oblique loading. For the standard (control) abutment diameter, a crestal von Mises shear stress of 13.914 MPa was seen compared with 0.9% decrease in von Mises shear stress where abutment diameter was reduced 10%. In a study done by Akagawa et al., [22] the trabecular bone was modeled both as a solid substance and a more natural porous substance.
This study assumes both cortical and trabecular bone to be of an isotropic nature. The trabecular model in this study was modeled as a solid, isotropic material with no porosities that was found with in vivo trabecular bone.
For the analysis portion of this study, it was determined that both a vertical and oblique loading model should be tested. The angle of 15° and loading force of 100 N were chosen as it has been shown in other studies [4, 23] to be more comparative to in vivo mastication. To augment the oblique condition, an additional model with the vertical loading of 100 N was done. Although these forces and angle represented possible applications of force to a dental implant, the actual vector of force can vary from individual to individual. [24] The control abutment diameter of 5 mm was selected, as it is a feasible size implant in this area of the mandible. A decrease of 10% led to abutment diameter and 4.5 mm.
The purpose of the under-extended abutment was to demonstrate the concept of platform switching. The implant length (13 mm) was chosen as an average length in similarity to another FEA study. [25] It is also an appropriate length as it is a commercially available size for implants that are often placed in edentulous premolar areas. With a wider implant in the platform switching, a lower incidence of stress was found that was also concentrated away from the peri-implant bone surface that would cause less microdamage in the bone tissue, resulting in a minimal crestal bone loss.
In addition, present data also suggested that when the abutment diameter were reduced by either 10% or 20%, it resulted in less stress transferred to the crestal bone regardless the direction of force (vertical or oblique). This is in support of the hypothesis that suggests platform switching may increase the distance between the abutment inflammatory cell infiltrate and the alveolar crest, thus reducing its bone resorptive effect. [26] Furthermore, our results also confirmed the speculation made by Schrotenboer J [27] who found that repositioning of implant-abutment interface away from the crestal bone into a more confined area reduces bone resorption at crestal bone level. [27] Another possible reason to explain the efficacy of the platform switching configuration is based on the distance between the bone surface and the stress-concentrated area on the implant surface. [28] As microorganisms are likely to move toward the high-energy area or by the mechanism such as interface micromovements that allow the microorganisms to move that area, it is advantageous to have a large distance between the stress concentration area and the bone surface. [29] 
CONCLUSION
Within the limitations of this study and on the basis of results obtained, it can be concluded that:
• The cortical von Mises stresses in 5 mm diameter abutment model were found to be maximum as compared to 4.5 mm reduced diameter. The stress was concentrated in the cervical region of bone • The implant von Mises stresses in 4.5 mm diameter abutment model were found to be maximum as compared to 5 mm diameter abutment. The stress was concentrated in the implant-abutment joint area • The overall stresses in 4.5 mm diameter abutment model were found to be maximum as compared to 5 mm diameter abutment • The magnitude of stresses decreased as the diameter decreased • Maximum von Mises stress, compressive, and tensile stresses in cortical bone were Lower in the platform switching model than in the conventional model.
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